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ABSTRACT

The relationship between mating reactivity and ability of cells to attach to polysty-

rene Petri dishes was investigated in six species of the ciliated protozoan Paramecium.

Mating reactive-dependent attachment to polystyrene surfaces was seen in P. cauda-

tum, P. multimicronucleatum, P. tetraurelia, and P. trichium. Attachment was rarely

seen in either mating reactive or non-reactive cells of P. bursaria irrespective of extra-

cellular ion concentration, temperature, and swimming velocity. Induction of attach-

ment occurred in mating reactive cells of P. bursaria by treatment with trypsin.

Strong affinity of cells for polystyrene surfaces was seen in P. duboscqui even when

they were mating non-reactive or when applied to polystyrene dishes with reduced

hydrophobicity. Induction of micronuclear activation by attachment which was
found in P. caudatum was not observed in attached cells of the other species.

INTRODUCTION

Attachment of cells to polystyrene surfaces is a common phenomenon widely
seen in various types of cells. In the ciliated protozoan Paramecium caudatum, at-

tachment differs from that in other types of cells such as bacteria, slime molds, or cells

in tissue culture of higher animals, since only mating reactive cells of P. caudatum can

attach to the bottom of polystyrene dishes (Falcon 1007) and the attachment occurs

only at the tips of ventral cilia where mating reactivity is restricted (Kitamura, 1982).

An increase in affinity of cells for polystyrene occurs during the initial step of conjuga-

tion, which involves specific ciliary agglutination between cells of complementary
mating types (Kitamura, 1984). This attachment, which seems to involve hydropho-
bic interactions, also induces the first step of nuclear activation (early migration of

the gametic nucleus) and the subsequent loss of mating reactivity seen in normal

conjugation. Thus, a series of hydrophobic interactions on the cell surface is believed

to play an important role in the conjugation process of P. caudatum. Similar attach-

ment was reported in another species, P. multimicronucleatum, though nuclear acti-

vation was not observed (Kitamura and Steers, 1983).

Conjugation of Paramecium is initiated by specific cell recognition between com-

plementary substances on the cell surface, substances which are simple, non-conju-

gated proteins (Metz and Butterfield, 1951; Cohen and Siegel, 1963; Kitamura and

Hiwatashi, 1978). It provides a good system for studying the problems of cell surface

interactions since it is an extremely simple system to the extent that the interacting
cells are structurally identical, the sexual interactions are strictly cell surface events,
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and no diffusible substances are involved (Sonneborn, 1937; Metz, 1954; Hiwatashi,

1969, 1981; Miyake, 1981; Kitamura and Hiwatashi, 1984; Hiwatashi and Kita-

mura, 1985).

The polystyrene-attachment phenomenon may be useful to studying the cell sur-

face interactions of Paramecium, since conditions for the attachment is very simple,

i.e., cells attach to polystyrene surfaces in simple salt solution and the attachment is

not complicated by adsorption to the substratum of serum proteins which are usually

added to tissue culture media. In addition, polystyrene surfaces are known to be used

for the radioactive labelling of cell surface proteins (Chin and Lanks, 1980). There-

fore, one means of studying specific interacting surface substances can employ use of

artificial substrata of known structure and properties (Lanks and Chin, 1982).

This study employs such an approach using polystyrene surfaces to open the way
to identify the cell surface substances involved in the conjugation process of Parame-
cium. I will describe first adhesiveness of cells to polystyrene dishes in six species of

Paramecium to determine the relationship between mating reactivity and the ability

to attach to polystyrene surfaces. Light microscopical studies also were performed to

examine whether micronuclear activation is induced by attachment.

MATERIALSANDMETHODS

Cells and culture methods

Ten stocks of syngen 3 of P. caudatum, 10 stocks of P. multimicromicleatum,

syngen 2, 4 stocks of P. tetraurelia, 4 stocks of P. trichium, syngen 1, 20 stocks of P.

bursaria, syngen 1 , and 1 5 stocks of P. duboscqui were used. All the stocks of P.

multimicronucleatum were homozygous for the acyclic allele in the expression of

mating type (Barnett, 1966). Stocks of P. multimicronucleatum (stocks 103, 109,203,
and 204), P. tetraurelia, and P. bursaria were kindly provided by Dr. A. Barnett

(University of Maryland), by Dr. S. Koizumi (Miyagi College of Education), and by
Dr. H. Endoh (University of Tsukuba), respectively. Stocks of the CH-series in P.

multimicronucleatum, P. caudatum, P. trichium, and P. duboscqui (original source,

Dr. Shi Xin-Bai, Harbin Normal University) were obtained from the Hiwatashi col-

lection at Tohoku University.

All the stocks were cultivated at 25C in 1.25% (w/v) fresh lettuce juice medium
diluted with Dryl's solution (Dryl, 1959) which was inoculated with Klebsiella pneu-
moniae one day before use (Hiwatashi, 1968). In cultures of all organisms except P.

bursaria, several hundred cells were inoculated into an 1 8 X 1 80 mmtest tube con-

taining 2 ml of culture medium and expanded by adding fresh medium of 4 ml, 10

ml and 10 ml on successive days. Within one day after the last feeding the cultures

reached the stationary phase of growth and most cells exhibited strong mating reactiv-

ity. The stocks of P. bursaria were cultured in test tubes at 25C with a fixed illumina-

tion cycle of 12 h dark and 12 h light by adding 2 ml, 4 ml, 8 ml, and 8 ml of culture

medium on successive days to reach stationary phase one day after the last feeding.

After reaching the stationary phase, cultures of P. bursaria were left in a sunny room
to maintain the diurnal rhythm of mating reactivity.

Measurement of attachment to polystyrene dishes

To measure cell attachment the previously reported method (Kitamura, 1982)

was used. Cells were washed twice by centrifugation in a hand-operated centrifuge

with a standard saline solution ( 1 mMKC1, 1 mMCaCl 2 , and 1 mMTris-HCl, pH
7.1). The washed cells were equilibrated in glass test tubes with the same solution
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TABLE I

Attachment o the surface of polystyrene Petri dishes in P. caudatum, syngen 3

%Cells attached to the dishes
3

Stocks Mating type Non-reactive cells" Mating reactive cells

27aG3
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TABLE II

Attachment of cells to the surface of polystyrene dishes in P. multimicronucleatum, syngen 2

%Cells attached to the dishes

Stocks Mating type Non-reactive cells Mating reactive cells

109
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FIGURE I . Typical adhesion kinetics of cells to the surfaces of polystyrene dishes in six species of

Parameciw Cells were adapted in glass tubes with a solution containing I mMKCl, I mAf CaCl 2 , and I

mAf Tris-KG, nR ?.), for 10 min at 2 PC. After adaptation, they were transferred into Petri dishes to test

for adhesiveness f> caudatum: B; P. multimicronucleatum: C; P. tetraurelia: D; P. trichium: E; P.

bursaria: F; /- , ,/ Open circles =
stationary phase cells with mating reactivity. Closed circles

= mating non-reacave cells in log phase of growth.
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TABLE III

Attachment of cells to the surface of polystyrene dishes in P. tetraurelia and P. trichium, syngen 1

%Cells attached to the dishes

Stocks Mating type Non-reactive cells Mating reactive cells

P. tetraurelia
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TABLE IV

Attachnr the surface of polystyrene dishes in P. bursaria, syngen 1

%Cells attached to the dishes

Mating type Geographical origin Non-reactive
3

Mating reactive
b

Soil
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TABLEV

Attachment of cells to the surface of polystyrene dishes in P. duboscqui

%Cells attached to the dishes

Stocks Mating type Non-reactive Mating reactive

la
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5 to 30 min vf'er applying them to glass dishes. Cells that attach to polystyrene sur-

faces usu; : do so upon initial contact with the surface and a marked inhibition of

ciliary \ ement is seen (Kitamura, 1982; Kitamura and Hiwatashi, 1984), while

collisi< f cells with solid surfaces induce thigmotaxis (Iwatsuki and Naitoh, 1979).

Additionally, microscopical observations of the cells with thigmotaxis revealed that

most cells were creeping along the surface. Therefore, those two phenomena are

clearly distinguishable from one another.

It is uncertain whether there is a correlation between attachment ability and classi-

fications based upon cell shape as described by Woodruff (1921). All 'aurelia' group
species used, i.e., P. caudatum, P. multimicronucleatum, and P. tetraurelia, belong
to attachment group I. However, P. trichium which belongs to the 'bursaria' group
(III) also showed mating reactive-dependent attachment (Table III). It should be

noted that P. duboscqui whose body shape is of intermediate size (Chatton and Bra-

chon, 1933; Jin et al, 1981) has a different type of attachment from 'aurelia' and
'bursaria' groups.

Other ciliates also fall into the three attachment groups defined above. For exam-

ple, Tetrahymena thermophilia (Wolfe and Colby, 1981; Kitamura, unpub. obs.),

Blepharisma japonicum (Kitamura, unpub.), and Pseudomicrothorax dubius (Peck,

pers. comm.) belong to group II and Euplotes octocarinatus and Paraurostyla weissei

belong to group III (Kitamura, unpub.). Ciliates which show attachment only when

they are not mating reactive have not yet been found.

Unlike in P. caudatum, attachment in P. tetraurelia, P. trichium, and P. dubosc-

qui failed to provoke any obvious changes in the micronucleus such as EMMor an
increase in its size. These results were predictable since the EMMof normal conjuga-
tion is observed only in P. caudatum. Other obvious micronuclear changes are not

seen during the initial step of conjugation in species other than P. caudatum. In those

species a direct contact of cell bodies of polystyrene might be necessary for nuclear

activation.

Finally the observation of different adhesiveness to polystyrene surfaces among
six species ofParamecium suggests differences in hydrophobicity of ciliary membrane
surfaces among them. Our further studies are directed toward biochemically analys-

ing the components of their ciliary membranes.
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